
Overview
The Optimal Spectral Sampling (OSS) is a fast radiative transfer model that has been specifically designed for the modeling of radiances measured by 
infrared and microwave radiometers, but is applicable also through the visible and ultraviolet spectrum. OSS calculates the radiance averaged over a 
bandpass by calculating the monochromatic radiance at a small number (typically less than 4) of selected wavenumbers (nodes) within the bandpass and 
weighting the result. The nodes and weights are selected from a set of full line-by-line calculations on a number of reference profiles (the training set) which 
span the range of expected conditions. The selection process minimized the number of nodes for a required level of accuracy. Thus the OSS forward 
model reduces the number of monochromatic calculations per channel by as much as a factor of 2500, while still preserving Beers' Law. 

The fact that OSS is fundamentally a monochromatic method provides the ability to accurately treat surface reflectance and spectral variations of the Planck 
function and surface emissivity within the channel passband. In addition, the method is readily coupled to multiple scattering calculations, an important 
factor for treating cloudy radiances. Among the advantages of the OSS method is that its numerical accuracy, with respect to a reference line-by-line 
model, is selectable, allowing the model to provide whatever balance of accuracy and computational speed is optimal for a particular application. This 
poster discusses the application of OSS to CLARREO and its utility in understanding the radiometric signature present in the output from climate model.
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Automated Training Process to Determine Nodes and Weights

Extensive/Independent Validation on a Variety of Data

Parameterization of Radiative Transfer Equation is Required for Many Applications
•Diverse remote sensing applications require radiative transfer algorithm speed, accuracy and flexibility
•Requirements for effective parameterization often conflict:  high radiometric accuracy versus minimal 
computation time
•Available methods result in compromises:

•Model is geared toward a specific sensor or application
•Is not practical for use with changing observer altitude or model levels
•Does not obey Beer’s law and thus not amenable to multiple scattering atmospheres
•Overall accuracy depends upon choice of predictors, generally determined by trial and error and depend 
specifically on the application (viewing geometry and  spectral band), requiring re-training for alternate 
configurations
•Is not directly applicable to extended instrument functions such as sinc

Optimal Spectral Sampling (OSS) technique designed to provide rapid, accurate radiative transfer with physical 
consistency for all classes of remote sensing instrumentation



Multiple Scattering

Application to CLARREO

OSS Incorporated into SIMRAD Infrastructure
•SIMRAD developed by Stephen Leroy (Harvard) to run MODTRAN for multiple input atmospheres from climate models
•OSS module under development to improve radiative transfer timing and overall accuracy

•Remove Jacobian calculations
•Prototype calculations conducted using nominal 3-band FTS

•Will be expanded to full CLARREO waveband
•Scattering module under development

•Additional timing enhancements will be required to reach CLARREO computation goals
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Model Time (sec) Spectral 
Elements Profiles

Time per 
Profile per 
Spectral 
Element

MODTRAN 228.0 1900 600 2.0e-4

OSS 40.6 1305 600 5.2e-5

OSS is 3.8x Faster than MODTRAN for Clear-Sky;  Cloudy-Sky Anticipated to 
Meet CLARREO Simulation Requirement of Less Than 1 Second per ProfileBrightness Temperature Differences 

Between Profiles Illustrate the 
Radiometric Impact of Changing 
Temperature and Water Vapor 
Profiles:  OSS and MODTRAN 
Exhibit Similar Sensitivity

EUMETSAT Comparison of OSS and RT-IASI
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